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Abstract.—A new genus of the family Coralliidae is established for seven 
species having longitudinally grooved axes and autozooids seated in distinctive 


axial pits with beaded margins. 


During the preparation of a projected re- 
view of the family Coralliidae it became 
clear that the species currently assigned to 
the single genus Corallium Cuvier can be 
grouped in two morphological categories, 
(1) those having the autozooids seated in 
deep axial pits with margins conspicuously 
beaded especially near the tips of twigs, and 
(2) those without axial pits beneath the au- 
tozooids, although a depression without 
beaded margins may be present as in C. 
rubrum. 

As constituted at the present time, the oc- 
tocoral family Coralliidae consists of a sin- 
gle genus, Corallium Cuvier, 1797. Gray 
(1867) assigned the three species then 
known to three genera: Corallium Cuvier, 
1797 for C. rubrum (Linnaeus, 1758); Pleu- 
rocorallium Gray, 1867 for C. secundum 
Dana, 1846; and Hemicorallium Gray, 1867 
for Corallium johnsoni Gray, 1860. Ridley 
(1882:222) reviewed this arrangement and 
rejected Hemicorallium as a synonym of 
Pleurocorallium. Kükenthal (1924:47) con- 
sidered both genera to be synonyms of Cor- 
allium. 

Kükenthal (1924:47, 52) accepted the ge- 
nus Pleurocoralloides Moroff 1902 from 
Japan, which was accepted also by Bayer 
(1956:70; later with reservations, 1964: 
466). The original illustrations of Pleuro- 
coralloides formosum and P. confusum, es- 
tablished by Moroff (1902:405, pl. 17, fig. 
10, pl. 18, fig. 20; 404, pl. 17, fig. 8, pl. 18, 
fig. 19), clearly show that both species, as 


well as the genus Pleurocoralloides, can be 
referred to the family Melithaeidae. Al- 
though Moroff did not mention axial nodes 
and internodes, such features are suggested 
in the photograph of P. confusum on his 
plate 17, fig. 8. Moreover, the sclerites of 
both species as drawn are strongly sugges- 
tive of Acabaria. The polyps of Pleurocor- 
allium confusum were said to have a fully 
retractile upper part and a low, projecting, 
wart-like calicular part; those of Pleurocor- 
alloides formosum consisted of tentacular 
and projecting calicular parts with spindles 
forming triangular teeth projecting above 
the calyx margin. These characters do not 
occur in any coralliid, but are consistent 
with melithaeids. Consequently, Pleurocor- 
allium sensu Moroff, 1902 (not Gray, 1867) 
becomes a probable synonym of Acabaria 
Gray, 1859. The correct identification of 
both species remains to be determined. 
Seven species of Corallium share a skel- 
etal character setting them unambiguously 
apart from all other species of the genus: 
the hard axis beneath each autozooid is 
marked by a distinct pit with a prominently 
beaded rim (Fig. 1), so there is no condition 
intermediate between axes with beaded pits 
and those without beaded pits. There is no 
ambiguity whatever about placing species 
in one group or the other, making the ge- 
nus-group taxa within the Coralliidae more 
distinctive than many that are accepted in 
other families without question. The diag- 
nostic character of the beading rim is also 
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illustrated for the species B. tortuosum by 
Bayer (1956: figs. 5b, 6c; 1993, pl. 16), for 
C. thrinax by Bayer (1996: figs. 2—3), and 
for C. nix by Bayer (1996: fig. 8). 

Removal of the seven species from the 
genus, results in 19 species remaining in 
Corallium: C. abyssale Bayer, 1956 (Ha- 
wali); C. borneense Bayer, 1950 (Borneo); 
C. ducale Bayer, 1955 (e. Pacific Mexico); 
C. elatius Ridley, 1882 (Mauritius and Ja- 
pan); C. halmaheirense Hickson, 1907 (In- 
donesia); C. imperiale Bayer, 1955 (e. Pa- 
cific Mexico); C. johnsoni Gray, 1860 
(northeast Atlantic); C. kishinouyei Bayer, 
1996 (e. Pacific); C. konjoi Kishinouye, 
1903 (Japan); C. laanense Bayer, 1956 (Ha- 
waii); C. maderense Johnson, 1898 (e. At- 
lantic); C. medea Bayer, 1964 (w. Atlantic); 
C. niobe Bayer, 1964 (w. Atlantic); C. re- 
gale Bayer, 1956 (Hawaii); C. reginae 
Hickson, 1905 (Indonesia); C. rubrum (Lin- 
naeus, 1758) e. Atlantic; C. secundum 
Dana, 1846 (Hawaii); C. sulcatum Kishin- 
ouye, 1903 (Japan); and C. tricolor John- 
son, 1898 (e. Atlantic). 


Paracorallium, new genus 


Type species.—Corallium tortuosum 
Bayer 1956. 

Seven species of Corallium characterized 
by axial pits with beaded rims are here rec- 
ognized as members of a new genus mor- 
phologically distinct from Corallium, here 
called Paracorallium: P. stylasteroides 
(Ridley, 1882), P. japonicum (Kishinouye, 
1903), P. inutile (Kishinouye, 1903), P. sal- 
omonense (Thomson & Mackinnon, 1910), 
P. tortuosum (Bayer, 1956), P. thrinax 
(Bayer & Stefani in Bayer, 1996), and P. 
nix (Bayer, 1996). 

Diagnosis.—Coralliidae with autozooids 
seated in deep pits in the solid axis, pits 
with prominently beaded margins especial- 
ly near branch tips; axis with strong longi- 
tudinal grooves. Sclerites including crosses, 
6- and 8-radiate capstans that may be more 
or less asymmetrically developed, forming 
double clubs in some species. Long spin- 


dles have not been found in the autozooids 
of any species of Paracorallium, but oth- 
erwise the range of sclerites is the same as 
in species of Corallium. 

Etymology.—Para, from Greek para = 
near + Corallium, from Greek korallion = 
coral. Neuter noun. 

Distribution.—Indo-west Pacific, from 
Hawaii west to Japan and south to New Ca- 
ledonia in the Pacific, and west to Mauritius 
and the Chagos Archipelago in the Indian 
Ocean. At moderate depths, all known re- 
cords between 136 and 273 m. 

In the following summary of nominal 
species at present referable to Paracoral- 
lium, the species are arranged according to 
their significant morphological characters. 


I.—Species with smooth double clubs 
(double carafes, operaglasses) predominat- 
ing in the coenenchymal sclerites, which 
also include 6-radiates, sometimes 7-radi- 
ates, and crosses; stubby rods in anthoco- 
diae. 

A.—Colonies branched on all sides, of- 
ten anastomosing, major stems tend to re- 
main in one plane, reaching a height of 12 
cm. Cortex light red, axis white with pink 
tints. 


Paracorallium inutile (Kishinouye, 1903), 
new combination 


Corallium inutile Kishinouye, 1903:626; 
1904:28, pl. 5, figs. 1, 2; pl. 7, fig. 7; pl. 
9, fig. 18 Gn Japanese); 1905:27, pl. 5, 
figs. 1, 2; pl. 7, fig. 7; pl. 9, fig. 18 (in 
English). 


Distribution.—Japan: Shikoku, Kashi- 
wajima, Tosa, 100-150 m. 
B.—Colonies branched dichotomously, 


in one plane, reaching a height of 6 cm. 
Cortex white, axis white. 


Paracorallium thrinax (Bayer & Stefani 
in Bayer 1996), new combination 


Corallium thrinax Bayer & Stefani in Bayer 
1996:206, figs. 1—6. 
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Distribution.—New Caledonia, 23°06.50’S, 
oy 23,74 EB, 240 m. 


II.—Species with no smooth double 
clubs in coenenchyme; predominant scler- 
ites are 8-radiate forms but a few radiates 
may be somewhat asymmetrical, 6- and 7- 
radiates and crosses more or less abundant. 

A.—Largest coenenchymal 8-radiates are 
0.07 mm in length. 

i.—Species with solid axis white. 

a.—Cortex pale orange, calyces of auto- 
zooids yellow; many 6- and 8-radiates 
asymmetrical, tubercles of one side some- 
what enlarged but not as smooth spheroids. 


Paracorallium stylasteroides 
(Ridley, 1882), new combination 


Corallium stylasteroides Ridley, 1882:225, 
pl. 9, figs. 1-4.—Bayer 1996:17, pl. 17. 


Distribution.—Mauritius, 136 m. 


b.—Cortex white, autozooids white; ra- 
diates symmetrical. 


Paracorallium nix (Bayer, 1996), 
new combination 


Corallium nix Bayer, 1996:213, figs. 7-10. 


Distribution —New Caledonia, 23°06.50’S, 
oy 53.74 E, 240 m. 


i1.—Species with solid axis colored pink 
or red. 

a.—Axis dark red with white center, be- 
coming paler distally, branch tips nearly 
white. Colonies abundantly branched in one 
plane, with small prickle-like twigs on front 
and sides of branches; sclerites are 8-radi- 
ates and crosses. 


Paracorallium japonicum 
(Kishinouye, 1903), new combination 


Corallium japonicum Kishinouye, 1903: 
6235 1904-002 lk l, mas I, 2: pl. 2; pl. 
4, fig. 3; pl. 7, fig. 1; pl. 8, figs. 1-6 (in 
mapanesc): MOOS Ihaptel, fies. 1), 2; pl. 
Pap 40h. 32 pl. 7, fis. I: pl. 8, figs. l— 
6 (in English). 


Distribution.—Japan: Kiushu; off Tosa, 
Shikoku, 100—150 m. 

b.—Axis pale pink, becoming darker dis- 
tally; cortex pink or salmon-colored, polyps 
darker. Colonies branched irregularly in one 
plane, twigs crooked and tortuous. Coenen- 
chymal sclerites are 8-radiates and crosses; 
anthocodiae with small rods and crosses. 


Paracorallium tortuosum (Bayer, 1956), 
new combination 


Corallium tortuosum Bayer, 1956:82, figs. 
5b, 6c, 8e-g. 

Corallium salomonense tortuosum.—Bayet, 
1993:16, pls. 10, 14—16. 


Distribution.—Hawaii: Pailolo Channel, 
153—273 m. 


B.—Largest coenenchymal radiates 
reach a length of 0.1 mm or more. Fully 
developed branching unknown; coenen- 
chyme yellowish, anthocodiae orange, axis 
presumably white or pale pink in color. 


Paracorallium salomonense (Thomson & 
Mackinnon, 1910), new combination 


Sympodium salomonense Thomson & 
Mackinnon, 1910:168, pl. 12, figs. 11, 
I2: wl 13, me Sa, D- 

Corallium salomonense.—Bayer, 1993:14, 
pls. 10—13. 


Distribution —Salomon, Chagos Archi- 
pelago, Indian Ocean, 217—272 m. 


Remarks 


Authentic specimens of P. japonicum 
and P. inutile received from K. Kishinouye, 
and Ridley’s slide of the sclerites of P. sty- 
lasteroides were available for examination. 
Other than P. tortuosum, which is repre- 
sented by numerous specimens from five 
stations made in the Hawaiian Islands by 
the U.S. Fish Commission steamer Alba- 
tross, no species of Paracorallium is rep- 
resented by specimens from more than a 
single locality. Consequently, nothing can 
be said about possible individual and geo- 
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graphical variation. All colonies of P. tor- 
tuosum from Hawaii (see Bayer 1993: pl. 
10, lower figures) are consistent in growth 
form, and bear a strong resemblance to the 
unique type specimen of P. stylasteroides 
from Mauritius, now lost (see Ridley 1882: 
pl. 9, fig. 1), but sclerites of Ridley’s slide 
(see Bayer 1993: pl. 17) are sufficiently dis- 
tinct from those of P. tortuosum (see Bayer 
1956:85, fig. 8e—g; 1993, pls. 14, 15) to jus- 
tify specific separation. However, the scler- 
ites of original material of P. salomonense 
(see Bayer 1993: pls. 11-13, and compare 
Thomson & Mackinnon 1910: pl. 13, fig. 
15a, b) are morphologically so similar to 
those of P. tortuosum that the latter was 
treated as a geographical subspecies of P. 
salomonense, in spite of the lack of fully 
developed colonies of the latter. Further- 
more, the growth form of P. nix from New 
Caledonia resembles in some ways that of 
P. tortuosum and P. stylasteroides, and the 
sclerites of all three are generally similar. 
Pending the discovery of additional speci- 
mens, these nominal species are maintained 
as distinct but might in future be treated as 
a single variable species widely distributed 
from Hawaii to New Caledonia in the Pa- 
cific and Mauritius and the Chagos Archi- 
pelago in the Indian Ocean. 

Structure of the solid axis.—Investiga- 
tions of Corallium rubrum (Linnaeus) by 
Grillo et al. (1993), summarized by Alle- 
mand (1993), definitively refuted the gen- 
erally accepted theory of axis formation in 
Corallium proposed by Lacaze-Duthiers 
(1864), which also had been rejected by 
Hickson (1907:2), who stated that “It is 
clearly incorrect, from these [Hickson’s] 
observations, to describe the axis of the 
Coralliidae as the ‘result of spicules fused 
together’ ” by cement substance. Hickson 
held that “the evidence of comparative 
anatomy suggests very forcibly that [the ce- 
ment substance] is not formed by the activ- 
ity of the scleroblasts but by a modification 
of the chemical character of the meso- 
gloea.”’ 

However, the theory of Lacaze-Duthiers 


subsequently was accepted by authors as 
late as Weinberg (1976:99, pl. 20; 1993:51, 
fig. 11), who published scanning electron 
micrographs of the axial surface showing 
presumed sclerites embedded in the calcar- 
eous mass. 

Lawniczak (1987) presented evidence 
that in C. johnsoni the axis is composed 
initially of “fibrous” calcite crystals fol- 
lowed by “lamellar” secondary thickening, 
without participation of sclerites. On the 
other hand, Grillo et al. showed that in C. 
rubrum the axis is initially composed of 
coenenchymal sclerites that form a core 
subsequently overgrown by secondary 
thickening consisting of sheets of rectilinear 
calcite crystals produced by an axis epithe- 
lium cytologically indistinguishable from 
the multicellular scleroblasts that produce 
the free mesogloeal sclerites. They “sug- 
gest that the axis epithelium treats the in- 
cipient skeleton as if it were the core of a 
single sclerite’’ and that the scleroblasts are 
a fragmented axis epithelium. 

The discrepancy between the results of 
Lawniczak’s investigation of C. johnsoni 
and those of Grillo et al. of C. rubrum led 
the latter authors to conclude that “‘the fam- 
ily Coralliidae may exhibit a broad spec- 
trum of octocoral skeletal structures, in- 
cluding those that are independent of scler- 
ites [sic] formation ...” (1993:127). They 
conclude that “*... the further study of this 
species [i.e., C. rubrum] and other coralliids 
has merit for both systematics and the gen- 
eral process of carbonate skeleton forma- 
tion in marine invertebrates.” 

No fully formed sclerites more or less 
completely incorporated in the axial mass 
were found on the axial surface, as has been 
observed in Corallium kishinoueyi (Bayer 
1996: 218, figs. 16, 17), were seen in any 
species of Paracorallium. The tubercles on 
the axial surface at the summit of terminal 
branches of P. thrinax and P. tortuosum re- 
semble the tubercles of sclerites more close- 
ly than axial protuberances. Roughly trans- 
verse fractures of axis of P. inutile and P. 
tortuosum exposed former surface features 
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but no morphological features that could be 
interpreted unequivocally as parts of scler- 
ites even at the center of the axis. Numer- 
ous circular structures could as reasonably 
be interpreted as fragments of axial protu- 
berances as the broken ends of the primary 
axis of sclerites. Consequently, it is proba- 
ble that sclerites have an insignificant or 
even nonexistent role in axis formation in 
Paracorallium, possibly with scleroblasts 
more integrated and functioning as a frag- 
mented axis epithelium forming the axis as 
if it were one large sclerite. The bulk of the 
axial mass consists of fascicles of rectilin- 
ear calcite crystal oriented in various direc- 
tions and commonly appearing “‘cross bed- 
ded.” 


Acknowledgments 


This study was based upon examination 
of specimens assembled over many years. 
K. Kishinouye presented specimens used in 
the preparation of his classic work on Jap- 
anese precious corals. Material from Hawaii 
was obtained by operations of the U.S. Fish 
Commission steamer Albatross during the 
Hawaiian cruise in 1902. Ridley’s slide 
preparation of sclerites of the holotype of 
Corallium stylasteroides were provided by 
the Natural History Museum, London. 
Specimens from New Caledonia collected 
during expeditions of MUSORSTOM were 
made available by Alain Crosnier of the 
Muséum National d’ Histoire Naturelle, Par- 
is. Thomson & Mackinnon’s type material 
of Sympodium salomonense was made 
available by the Natural History Museum, 
London, and the Zoological Museum of 
Cambridge University. Sincere appreciation 
is expressed to all of those past and present 
who provided this essential material for re- 
search. 


Literature Cited 


Allemand, D. 1993. The biology and skeletogenesis of 
the Mediterranean red coral, a review.—Pre- 
cious Corals & Octocoral Research 2:19-39, 
frontisp. 1; figs. 1-18. 


227, 


Bayer, E M. 1950. A new precious coral from North 
Borneo.—Journal of the Washington Academy 
of Sciences 40(2):59-61. 

. 1955. Contributions to the nomenclature, sys- 

tematics, and morphology of the Octocoral- 

lia.—Proceedings of the United States National 

Museum 105:207-220. 

. 1956. Descriptions and redescriptions of the 

Hawaiian octocorals collected by the U.S. Fish 

Commission steamer “Albatross” (2. Gorgon- 

acea: Scleraxonia).—Pacific Science 10(1):67— 

95, 11 figs. 

1964. The genus Corallium (Gorgonacea: 

Scleraxonia) in the western North Atlantic 

Ocean.—Bulletin of Marine Science of the Gulf 

and Caribbean 14(3):465—478, figs. 1-7. 

. 1993. Generic reassignment and affinities of 

Sympodium salomonense Thomson & Mackin- 

non (Coelenterata: Octocorallia).—Precious 

Corals & Octocoral Research [Tokyo] 1:14-19, 

pls. 10-17. 

. 1996. Three new species of precious coral 
(Anthozoa: Gorgonacea, genus Corallium) from 
Pacific waters.—Proceedings of the Biological 
Society of Washington 109(2):205-228, figs. 1— 
19. 

Cuvier, G. [1797]. Tableau élémentaire de l’histoire na- 
turelle des animaux. Paris, Baudouin. Pp. i-xvi 
+ 1-710, pls. 1-14. 

Dana, J. D. 1846. Zoophytes.—United States Explor- 
ing Expedition during the years 1838, 1839, 
1840, 1841, 1842, under the command of 
Charles Wilkes, U.S.N. Vol. 7. i-vi + 1-740 
pp., 45 text figs. Philadelphia: Lea and Blan- 
chard. Atlas, Zoophytes. 61 pls., 1849. 

Gray, J. E. 1859. Description of some new genera of 
lithophytes or stony zoophytes.—Proceedings 
of the Zoological Society of London 1859:479— 
486. 

. 1860. Description of a new coral (Corallium 

johnsoni) from Madeira.—Proceedings of the 

Zoological Society of London 1860:393-394, 

pl. 18. 

. 1867. Additional note on Corallium john- 
soni.—Proceedings of the Zoological Society of 
London 1867:125-127. 

Grillo, M.-C., W. M. Goldberg, & D. Allemand. 1993. 
Skeleton and sclerite formation in the precious 
red coral Corallium rubrum.—Marine Biology 
117:119-128, figs. 1-5. 

Hickson, S. J. 1905. On a new species of Corallium 
from Timor.—Proceedings, Koninklijke Aca- 
demie van Wetenschappen, Amsterdam 8:268-— 
271. 

. 1907. Die Alcyoniden der Siboga-Expedition 
1. Coralliidae.—Siboga-Expeditie Monogr. 13c: 
1-8, pl. 1. 

Johnson, J. Y. 1898. Short diagnoses of two new spe- 


228 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON 


cies of Coralliidae from Madeira.—Annals and 
Magazine of Natural History (7)2:421—422. 

Kishinouye, K. 1903. Preliminary note on the Coral- 
ltidae of Japan.—Zoologischer Anzeiger 
26(705):623-626. (27 July). 

. 1904. Sango no kenkyu.—Suisan chosa ho- 

koku 14(1):1-31, pls. 1-9. (25 August). 

. 1905. Notes on the natural history of corals.— 
Journal of the Imperial Fisheries Bureau 14(1): 
1-32, pls. 1-9. (28 Jan 1905). 

Kiikenthal, W. 1924. Gorgonaria.—Das Tierreich 47: 
i-xxvill + 1-478, 209 figs. Berlin and Leipzig, 
Walter de Gruyter & Co. 

Lacaze-Duthiers, H. de. 1864. Histoire naturelle du 
corail. Pp. i-xxv + 1-371, pls. 1—20. Paris, J.B. 
Bailliere et Fils. 

Lawniczak, A. 1987. Les modalités de croissance de 
Vaxe calcaire chez Corallium johnsoni (Cnidar- 
ia: Gorgonaria: Scleraxonia).—Senckenbergi- 
ana maritima 19(3/4):149-161], ill. 

Linnaeus, C. 1758. Systema naturae. Editio decima, 
reformata. 1. Pp. i-iv + 1—824. Holmiae: Im- 
pensis Direct. Laurentii Salvii. 


Moroff, T. 1902. Studien über Octocorallien.—Zoolo- 
gische Jahrbücher (Syst.) 17:363—410, pls. 14— 
li 

Ridley, S. O. 1882. On the arrangement of the Coral- 
liidae, with descriptions of new or rare spe- 
cies.—Proceedings of the Zoological Society of 
London 1882:221-233, pl. 9. 

Thomson, J. A., & D. L. Mackinnon. 1910. Alcyonar- 
ians collected on the Percy Sladen Trust Expe- 
dition by Mr. J. Stanley Gardiner. Part 2, the 
Stolonifera, Alcyonacea, Pseudaxonia, and Ste- 
lechotokea.— Transactions of the Linnean So- 
ciety of London (2) 13(2):165-211, pls. 6-14. 

Weinberg, S. 1976. Revision of the common Octocor- 
allia of the Mediterranean circalittoral. I. Gor- 
gonacea.—Beaufortia 24(313):63-104, pls. 1— 
20. 

. 1993. Il corallo rosso e la ricerca scientifica 

nei secoli. Pp. 37—60 in F Cicogna and R. Cat- 

taneo-Vietti, eds., Il corallo rosso in Mediter- 
raneo: Arte, Storia e Scienza. Roma. Ministero 
delle Risorse Agricole, Alimentarie Forestoli. 


